Phenotypic susceptibility testing for clarithromycin by E-test and disk diffusion of 109 cultured Helicobacter pylori isolates was compared with the genotypic susceptibility determination by fluorescent in situ hybridization (FISH). No discrepancies were found between these three methods. However, FISH has the advantage of providing results after 3 h.
mycin resistance. In contrast, probe ClaWT (5Ј-CGGGGTCT TTCCGTCTT-3Ј) was used to identify clarithromycin-sensitive H. pylori strains which had not been detected by either ClaR1, ClaR2, or ClaR3. Oligonucleotide probes were 5Ј labeled with the fluorochromes Cy3 (ClaR1, ClaR2, ClaR3, and ClaWT; red signal) or fluorescein isothiocyanate (Hpy-1; green signal). This set of hybridization probes is also commercially available in the creaFAST H. pylori Combi Kit (Oxoid Ltd., Basingstoke, United Kingdom). For hybridization of cultured H. pylori, bacteria were suspended in phosphate-buffered saline, fixed in 4% paraformaldehyde for 30 min at 4°C, subsequently spotted on five glass slides, and then dried for 15 min at 46°C. Dehydration steps were carried out in 50, 80, and 96% ethanol for 3 min each. Glass slides were hybridized with the respective oligonucleotides as previously described (9) . Besides specific labeling with fluorescent probes, all samples were subsequently stained with DAPI (4Ј,6Ј-diamidino-2-phenylindole), which binds to bacterial DNA and thus helped to localize the microorganisms on glass slides during microscopy (12, 13) . For clarithromycin susceptibility testing of H. pylori by disk diffusion and E-test, colonies from agar plates were suspended into a 0.9% NaCl solution and swabbed onto Mueller-Hinton agar plates supplemented with 5% sheep erythrocytes. After applying 15-g clarithromycin disks (Oxoid, Wesel, Germany) or clarithromycin E-test strips (AB Biodisk, Solna, Sweden) on the agar surface, plates were incubated in a microaerophilic environment at 37°C for 2 days. Thereafter, zone diameters and the MIC for each strain were determined. Each clarithromycin susceptibility testing was repeated twice.
As shown in Table 1 , all isolated strains bound to the H. pylori-specific probe Hpy-1. In 75 of these 109 isolates, binding of probe ClaWT but not of ClaR1, ClaR2, or ClaR3 was observed. In contrast, the remaining 34 isolates hybridized either with probe ClaR1, ClaR2, or ClaR3, thus identifying the corresponding point mutation responsible for clarithromycin resistance. Twelve strains harbored the point mutation A2143G, 20 strains carried transition A2144G, and only 2 strains with the transversion A2143C were found. Figure 1 shows typical images obtained from hybridization of probe ClaR2 with a clarithromycin-resistant H. pylori isolate harboring the A2144G point mutation. No cross-reactivity with probes ClaR1, ClaR3, or ClaWT was observed. By applying FISH to all 109 H. pylori strains examined in this study, a specific discrimination between single point mutations causing macrolide resistance and the corresponding wild-type 23S rRNA associated with clarithromycin sensitivity could be performed.
As determined by FISH, all 75 clarithromycin-sensitive H. pylori isolates underwent phenotypic testing of susceptibility to the macrolide drug using disk diffusion and E-test. Table 1 demonstrates a complete correlation between all three test methods provided that isolates were considered to be resistant when the MICs of clarithromycin were Ͼ2 g/ml. In the disk diffusion test, all 34 clarithromycin-resistant isolates grew right up to the margin of the disk (Table 1) . Apparently, in all 14 strains reactive with oligonucleotide probes ClaR1 or ClaR3, the corresponding point mutations at position 2143 correlated with a high MIC of clarithromycin (Ͼ256 g/ml). In contrast, for 20 H. pylori isolates carrying the point mutation at position 2144, the MICs ranged from 16 g/ml (4 strains), 24 g/ml (1 strain), 32 g/ml (2 strains), 64 g/ml (2 strains), to Ͼ256 g/ml (11 strains).
Methods for the detection of point mutations in H. pylori at the molecular level are mainly based on PCR and subsequent (3, 4, 7, 8, 10, 11, 14) . Analysis of amplicons with restriction enzymes BsaI or BbsI specifically detects the A3G transition at positions 2143 and 2144 but not the A2143C point mutation of the 23 rRNA (7, 14) . In contrast, all three relevant mutations within the peptidyl transferase region are detectable by the application of a PCRoligonucleotide ligation assay (10) or a PCR hybridization approach (8) . In a recent study, a new and rapid method of detecting A2143G and A2144G point mutations in the 23S rRNA gene of H. pylori by using a LightCycler has been reported (5).
The detection of pathogen-specific DNA and genotypic determination of H. pylori macrolide resistance directly in gastric biopsies are useful tools in the microbiology laboratory. Nevertheless, conventional culturing of H. pylori still appears to be mandatory because isolated strains should be used for susceptibility testing with all relevant drugs and for epidemiological studies. Clearly, the disk diffusion test is the most cost-effective and simplest method for the screening of clarithromycin resistance in H. pylori. By applying the more expensive E-test to cultured bacteria, an accurate MIC of the macrolide can be determined. Results from disk diffusion and E-test are available after 2 days of incubation. In contrast, the application of FISH to cultured H. pylori and the microscopic examination of hybridized slides are performed in approximately 3 h and are very easy to carry out. In summary, FISH is a rapid and accurate but also cost-effective method for detection of macrolide resistance in cultured H. pylori, thereby contributing to facilitating the choice of an appropriate treatment regimen for the individual patient.
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